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Abstract

Context: Non-Small Cell Lung Cancer (NSCLC) is the most common lung cancer type, with 80-85% prevalence. Usually, NSCLC is treated by chemotherapy and
radiotherapy in collaboration with gefitinib or other anticancer drugs. Those treatments have many adverse effects, such as shortness of breath, bleeding,
fever, hair loss, and radiation pneumonitis. Lack of treatment options and numerous mutations greatly contribute to lung cancer's shocking death toll.
Therefore, potential EGFR mutant inhibitors need to be analyzed.

Aims: To identify potential inhibitors of an epidermal growth factor receptor (EGFR) mutant derived from Calophyllum inophyllum L. leaf using an in silico
approach.
Methods: In silico analysis and literature study were carried out. Secondary metabolite compounds from C. inophyllum were obtained through the PubChem

database, and their biological activity and ADMET were analyzed. Molecular docking with EGFR wild-type (5FED) and mutant (5HG7) was carried out using
PyRx. Furthermore, amino acid residues were analyzed using Discovery Studio.

Results: Based on overall screening and molecular docking, a non-toxic compound with a low binding affinity with EGFR mutant protein is 4-[2-(4-
nitrophenyl)ethylcarbamoyl]benzenesulfonyl. Moreover, interactions and hydrogen bonds at Ala743, Gly796, Leu718, Phe856, Leu844, and Val726 are known
to play a crucial role in ATP binding inhibition toward the tyrosine kinase domain, resulting in EGFR mutant inhibition.

Conclusions: 4-[2-(4-nitrophenyl)ethylcarbamoyl]benzenesulfonyl is one of the potential candidates as an EGFR mutant protein by ATP binding inhibition.
However, in vitro and in vivo research needs to be performed to confirm these results.

Keywords: anticancer drug; lung cancer; NSCLC; secondary metabolites; virtual screening.

Resumen

Contexto: El cancer de pulmdn no microcitico (CPNM) es el tipo de cancer de pulmén mas frecuente, con una prevalencia del 80-85%. Por lo general, el CPNM
se trata mediante quimioterapia y radioterapia en colaboracion con gefitinib u otros medicamentos contra el cancer. Esos tratamientos tienen muchos
efectos adversos, como dificultad para respirar, hemorragias, fiebre, caida del cabello y neumonitis por radiacion. La falta de opciones de tratamiento y las
numerosas mutaciones contribuyen en gran medida a que el cancer de pulmén se cobre un nimero de victimas alarmante. Por lo tanto, es necesario analizar
los posibles inhibidores mutantes del EGFR.

Objetivos: ldentificar inhibidores potenciales del receptor del factor de crecimiento epidérmico (EGFR) mutante derivado de la hoja de Calophyllum
inophyllum L. mediante un enfoque in silico.

Métodos: Se llevé a cabo un andlisis in silico y un estudio bibliografico. Los compuestos de metabolitos secundarios de C. inophyllum se obtuvieron a través de
la base de datos PubChem, y se analizé su actividad biolégica y ADMET. El acoplamiento molecular con el EGFR de tipo salvaje (5FED) y mutante (5HG7) se
llevé a cabo utilizando PyRx. Ademas, se analizaron los residuos de aminoacidos con Discovery Studio.

Resultados: Basandose en el cribado general y el acoplamiento molecular, un compuesto no téxico con una baja afinidad de unidn con la proteina mutante
EGFR es 4-[2-(4-nitrofenil)etilcarbamoil]lbencenosulfonil. Ademas, se sabe que las interacciones y los enlaces de hidrégeno en Ala743, Gly796, Leu718,
Phe856, Leu844 y Val726 desempefian un papel crucial en la inhibicién de la unién del ATP hacia el dominio tirosina cinasa, lo que resulta en la inhibicién del
mutante EGFR.

Conclusiones: El 4-[2-(4-nitrofenil)etilcarbamoil]bencenosulfonil es uno de los candidatos potenciales como proteina mutante del EGFR por inhibicién de la
unién al ATP. Sin embargo, es necesario realizar investigaciones in vitro e in vivo para confirmar estos resultados.

Palabras Clave: cancer de pulmén; CPNM; cribado virtual; farmaco anticanceroso; metabolitos secundarios.
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INTRODUCTION

Lung cancer is the most common cause of cancer
death, with 1.8 million deaths in 2020, according to
the World Health Organization (WHO, 2022). Most
lung cancer patients have non-small cell lung cancer
(NSCLC), with a prevalence of 80-85% (Bareschino,
2011; Widyananda et al., 2021). Standard therapeutic
methods to treat NSCLC include chemotherapy and
radiotherapy in collaboration with gefitinib or other
anticancer drugs. These treatments commonly cause
several adverse effects, such as shortness of breath,
bleeding, fever, hair loss, and radiation pneumonitis
(Al-Sahlawi et al., 2024; Cersosimo, 2006). The lack of
treatment options and numerous mutations signifi-
cantly contribute to the death toll of lung cancer. Most
NSCLCs are caused by epidermal growth factor re-
ceptor (EGFR) mutations. EGFR is a tyrosine kinase
cell surface receptor that plays a key role in signal
transduction processes and is found on most cell sur-
faces (Metro and Crino, 2012). Under normal condi-
tions, it plays a vital role in cell proliferation via the
mitogen-activated protein kinase (MAPK) pathway.
Cell proliferation is important for cell regeneration.
Mutations in EGFR, especially in T790M, L858R, and
V948R, result in EGFR overexpression (Pratama,
2015). This leads to uncontrolled cell division and
cancer. Cancer cell proliferation, angiogenesis, and
metastasis are associated with EGFR mutations. By
inhibiting the activity of the EFGR mutant, cancer cell
proliferation can be reduced, thus revealing a rational
strategy for NSCLC treatments (Metro and Crino,
2012; Haryati and Mayasari, 2020; Sembiring et al.,
2023).

Tyrosine-kinase inhibitors (TKIs) are small com-
pounds that inhibit EGFR activity during cell prolif-
eration. These compounds have long been used as
lung cancer drugs (Zubair and Bandyopadhyay,
2023). First-generation TKI drugs, such as gefitinib
and erlotinib, result in resistance in many patients
with lung cancer (Nand et al., 2016). Hence, it is im-
portant to discover new drugs that target EGFR-TKISs.
According to previous research, Calophyllum inophyl-
lum is a native coastal plant from Indonesia that has
been commonly used by generations as traditional
medicine due to its antioxidant potency. It is used to
treat skin or tissue infection and inflammation
(Emilda, 2019; Fadhillah et al., 2023). Moreover, recent
research has also demonstrated that C. inophyllum
seed has the potential to be a lung cancer drug since it
can induce cytotoxicity in NSCLC cells (Hsieh et al.,
2018). However, research on secondary metabolites of
C. inophyllum, aside from seed, has remained unclear.
Therefore, this study aimed to identify novel EGFR-
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TKIs from C. inophyllum leaf secondary metabolites
and their mechanism as potential NSCLC drugs.

MATERIAL AND METHODS

An in silico study was performed to determine the
inhibition potential of C. inophyllum’s leaf secondary
metabolites with EGFR mutant protein. This study
was performed from June until July 2023 in the Facul-
ty of Biotechnology, University of Surabaya, using
hardware specification Macbook Pro 2010, processor
Intel i5 24 GHz, RAM 8GB, graphic Intel HD
Graphics 3000, and operating system MacOS X El
Capitan.

Protein and ligand preparation

Secondary metabolite compounds from C. inophyl-
Ium leaf based on previous research (Periyasamy et
al., 2017) were collected from the PubChem database
(https:/ /pubchem.ncbi.nlm.nih.gov/), and gefitinib
(CID: 123631) was selected as a control by using refer-
ence compound (Table 1). Its canonical SMILES and
3D structures were collected. The 3D structures were
then converted into pdb.qt format with PyRx soft-
ware. The structure of wild-type EGFR (5FED) and
EGFR Mutant T790M-L858R-V948R (5HG7) bound to
a small molecule was collected from RCSB PDB
(https:/ /www.rcsb.org/). Furthermore, the prepara-
tion process, which involved removing water mole-
cules and native ligands, was performed using Chi-
meraX software (Aini et al., 2023; Widyananda et al.,
2023a).

Biological activity analysis

Biological activity analysis was performed using
the PASS Online web server
(http:/ /www.way2drug.com/passonline/). Canoni-
cal SMILES structures of the compound were added,
and the probability of activity (Pa) values were ana-
lyzed. The Pa value higher than 0.7 indicated a high
potential for biological activities, which was proven
by computation and experimental approach (Lagunin
et al., 2000; Suhargo et al., 2023; Widyananda et al,,
2021).

Druglikeness analysis

Druglikeness analysis was carried out using the
SWISS ADME webserver
(http:/ /www.swissadme.ch/index.php). It aimed to
analyze the druglikeness of compound samples based
on Lipinski’s rule of five. The rule included molecular
weight <500 g/mol, partition coefficient log P with a
score of 5, hydrogen bond donor <5, hydrogen bond
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Table 1. Characteristics of secondary metabolites compound from C. inophyllum and gefitinib.

No. Compound CiD Canonical SMILES

1 Caryophyllene 5322111 CC1=CCCC(=C)C2Ccc(c2cc)(c)c

2 Z,7,7Z-1,4,6,9-nonadecatetraene 5362676 CCCCCeeeee=ccece=ce=cce=c

3 Juniperol 6432447 CC1(Ccccee(c3cic(cz(ces)c)o)e)c

4 Z, E-2-methyl-3, 13, octadecadein-1-ol 5364521 CCcce=cceecececcececce=cce(c)co

5 E,E,Z-1,3,12-nonadecatriene-5,14-diol 5364768 CCCCCC(Cc=Ccceececcce(c=ce=C)0)o

6 Ethyl palmitate 12366 Cccceeccececccecccecec(=o0)occ

7 Phytol 5280435 Cc(c)ceee(e)ccece(c)ceec(=ceo)c

8 Dasycarpidan-1-methanol, acetate (ester) 550072 CCC1C2CCN(C1C3=C(C2COC(=0)C)NC4=CC=CC=C43)C

9 7-Ethenylundec-5-ene 549034 Ccccee=cce(ceee)e=c

10 Methyl 3-(3-hydroxypropyl)benzoate 15282060  COC(=0)C1=CC=CC(=C1)CCCO

11 4-[2-(4-nitrophenyl)ethylcarbamoyl]benzenesulfonyl 309203 C1=CC(=CC=C1CCNC(=0)C2=CC=C(C=C2)S(=0)(=0)F)[N+](=0)[O-]
fluoride

12 Gefitinib (first-generation of TKIs) 123631 COC1=C(C=C2C(=C1)N=CN=C2NC3=CC(=C(C=C3)F)Cl)OCCCN4CCOCC4

Table 2. Center and dimension of specific docking.

Center 5FED 5HG7 Size S5FED 5HG7

Center X -1.5685 -13.3855 Size X 14.1130 14.1130
CenterY 51.6045 15.1875 SizeY 13.9263 14.6521
CenterZ -19.7647 -25.7106 SizeZ 16.1820 13.9710

acceptor <10, and molar refractivity score between 40-
130 (Nusantoro and Fadlan, 2020). All the data for
each compound was collected for further analysis. A
compound with no violation and one violation of
Lipinski’s rule of five was considered a potential
compound (Choy and Prausnitz, 2011; Kharisma et
al., 2022).

Toxicity analysis

Toxicity analysis was accomplished by using a
ProTox-11 webserver (https:/ /tox-
new.charite.de/protox_II/index.php?site=compound

input). Analyses based on the Globally Harmonized
System were performed to predict the LDsp and toxici-
ty class values of each compound. The toxicity class
was defined by class number 1 to 6. Meanwhile, com-
pounds from the higher class were considered less
toxic. Furthermore, its toxicity endpoints and organ
toxicity were also analyzed (Banerjee et al., 2018).

Molecular docking and visualization of ligands in
complex with VP35

The interaction between compounds of C. inophyl-
lum and the target protein was simulated using Pyrx
software (Kharisma et al., 2023; Widyananda et al,,
2023b). The specific docking method simulation was
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performed on the binding site of 5X4 as an EGFR
wild-type (5FED) inhibitor and 630 as an EGFR mu-
tant (5HG?7) inhibitor. The specific coordinate for the
docking site, such as position and dimension (A), was
determined and shown in Table 2. The negative bind-
ing affinity score was considered as the strength of
bonding interaction between the target protein and
compound. A lower binding affinity score means a
stronger bond interaction between the target protein
and compound. Furthermore, the visualization of
protein-compound complexed, and amino acid resi-
dues interaction was visualized by using Chimera X
and Discovery Studio software, respectively (Dal-
lakyan and Olson, 2015; Pettersen et al., 2004) (Fig. 1).

RESULTS

Biological activity analysis

In biological activity analysis using the PASS
Online web server, apoptosis agonist, anticarcinogen-
ic, antimutagenic, and antineoplastic activities were
analyzed. The results showed that gefitinib only has
antineoplastic activity with a Pa value of 0.177.
Meanwhile, caryophyllene showed the highest activi-
ty in apoptosis agonist and antineoplastic (lung can-
cer) with Pa values of 0.847 and 0.763, respectively. In
terms of antimutagenic activity, Z,Z,7-1,4,6,9-nona-

J Pharm Pharmacogn Res (2024) 12(5): 883


https://jppres.com/
https://tox-new.charite.de/protox_II/index.php?site=compound_input
https://tox-new.charite.de/protox_II/index.php?site=compound_input
https://tox-new.charite.de/protox_II/index.php?site=compound_input

Silvia et al.

decatetraene showed the highest score with a Pa val-
ue of 0.785. Furthermore, E,E,Z-1,3,12-nonadeca-
triene-5,14-diol showed the highest anticarcinogenic
activity with a Pa value of 0.436. Compounds with
those four biological activities showed higher Pa val-
ues than control gefitinib (Table 3).

Druglikeness analysis

All of the ligands have fulfilled Lipinski’s criteria.
Therefore, those ligands are eligible as drug candi-
dates (Table 4).

Toxicity analysis

The analysis showed that all compounds showed
toxicity classes 4-5. Moreover, gefitinib showed activi-
ty in hepatotoxicity analysis. Meanwhile, all the com-

Epidermal growth factor receptor mutant inhibitors as NSCLC drugs

pounds exhibited an inactive/below-threshold prob-
ability for their toxicity endpoint (Table 5).

Molecular docking and visualization of protein-
ligand interactions

Among the 12 compounds of potential ligands, all
showed a binding potential with targeted protein
based on their negative score, but none showed lower
binding affinity than the native ligands. Results from
molecular docking with two proteins showed that
overall compounds have a lower binding affinity with
EGFR mutant rather than wild-type EGFR. The top
three compounds which have the lowest binding af-
finity in both proteins were 4-[2-(4-nitrophenyl) ethyl-
carbamoyl]benzenesulfonyl fluoride, dasycarpidan-1-
methanol, acetate (ester), and caryophyllene (Table 6).

Figure 1. Molecular docking result visualization of 4-[2-(4-nitrophenyl)ethylcarbamoyl]benzenesulfonyl fluoride (magenta); Dasycarpidan-1-
methanol, acetate (ester) (orange); Caryophyllene (white); Methyl 3-(3-hydroxypropyl)benzoate (violet); Z, E-2-methyl-3, 13, octadecadein-1-ol
(smudge); E,E,Z-1,3,12-nonadecatriene-5,14-diol (limon); Ethyl palmitate (yellow); Phytol (wheat); Juniperol (deep purple); Gefitinib (blue); 7-
Ethenylundec-5-ene (cyan); Z, Z, Z-1,4,6,9-nonadecatetraene (brown); and native ligands 5X4 (left) and 630 (right) (red) towards EGFR wild type

(left) and mutant (right) (PDB: 5FED & 5HGT).

Table 3. Probability of biological activity (Pa) as apoptosis agonist, anticarcinogenic, antimutagenic, and antineoplastic results.

No Compound Apoptosis agonist

Anticarcinogenic  Antimutagenic Antineoplastic (lung cancer)

1 Caryophyllene 0.847
2 Z,7,7-1,4,6,9-nonadecatetraene 0.813
3 Juniperol 0.837
4 Z, E-2-methyl-3, 13, octadecadein-1-ol 0.513
5 E,E,Z-1,3,12-nonadecatriene-5,14-diol 0.346
6 Ethyl palmitate 0.336
7 Phytol 0.531
8 Dasycarpidan-1-methanol, acetate (ester) 0.258
9 7-Ethenylundec-5-ene 0.675
10  Methyl 3-(3-hydroxypropyl)benzoate 0.243

11 4-[2-(4 nitrophenyl) ethylcarbamoyl] -
benzenesulfonyl fluoride

12 Gefitinib (first-generation of TKls) -

0.216 0.156 0.763
0.392 0.785 0.159
0.303 0.188 0.431
0.334 0.489 0.163
0.436 0.529 0.384
0.301 0.432 -

0.409 0.169 0.205
- - 0.199
0.285 0.616 0.197
0.262 0.317 -

- - 0.177

Pa value higher than 0.7 indicated a high potential for biological activities.
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Table 4. Druglikeness analysis result.

MW MLogP Lipinski's

No  Compound (=so0 o PR (<=aas) YR violation  Giabs DM
Da) [Solu] [BA: 0.55]

1 Caryophyllene 204.35 0 0 4.63 68.78 1 Low No
[MS-S]

2 Z,7,7Z-1,4,6,9-nonadecatetraene 260.46 0 0 5.80 91.55 1 Low No
[PS-MS]

3 Juniperol 222.37 1 1 3.81 68.26 0 High No
[MS-S]

4 Z, E-2-methyl-3, 13, octadecadein-1-ol 280.49 1 1 491 93.66 1 High No
[PS-MS]

5 E,E,Z-1,3,12-nonadecatriene-5,14-diol 294.47 2 2 3.89 94.35 0 High No
[PS-S]

6 Ethyl palmitate 284.48 0 2 4.67 89.92 1 High No
[PS-MS]

7 Phytol 296.53 1 1 5.25 98.94 1 Low Yes
[PS-MS]

8 Dasycarpidan-1-methanol, acetate (ester) 326.43 1 3 2.82 100.17 0 High No
[MS-S]

9 7-Ethenylundec-5-ene 180.33 0 0 4.50 63.66 1 Low No
[MS-S]

10 Methyl 3-(3-hydroxypropyl)benzoate 194.23 1 3 1.96 53.46 0 High No
[s]

11 4-[2-(4-Nitrophenyl)ethylcarbamoyl] 352.34 1 6 1.62 85.89 0 High No

benzenesulfonyl fluoride [MS-S]

12 Gefitinib (First-generation of TKils) 446.90 1 7 2.82 121.66 0 High Yes

[PS-MS]

MW: Molecular Weight; HBD: Hydrogen Bond Donors; HBA: Hydrogen Bond Acceptors; MLogP: High Lipophilicity; MR: Molar Refractivity; Solu=Solubility; MS: Moderately
Soluble; S: Soluble; PS: Poorly Soluble; Gl Abs: Gastrointestinal absorption; CYP3A4 Inhib: CYP3A4 Inhibitor; BA: Bioavailability Score.

Table 5. Toxicity analysis result.

.. LDso Accuracy Probability toxicity

Compounds Toxicity class
(mg/kg) (%) H Ca M

Caryophyllene 5 5300 70.97 0.80 (1) 0.70 (1) 0.95 (1)
Z,Z,7-1,4,6,9-nonadecatetraene 4 1680 69.26 0.75 (1) 0.59 (1) 1.0(1)
Juniperol 4 2000 72.90 0.77 (1) 0.73(1) 0.85 (1)
Z, E-2-methyl-3, 13, octadecadein-1-ol 4 1016 70.97 0.80 (1) 0.54 (1) 0.94 (1)
E,E,Z-1,3,12-nonadecatriene-5,14-diol 5 2100 69.26 0.73(I) 0.65 (1) 0.95 (1)
Ethyl palmitate 5 5000 100 0.76 (1) 0.56 (BT) 0.99 (1)
Phytol 5 5000 100 0.79 (1) 0.76 (1) 0.97 (1)
Dasycarpidan-1-methanol, acetate (ester) 4 1190 100 0.69 (BT) 0.62 (1) 0.97 (1)
7-Ethenylundec-5-ene 5 3650 70.97 0.78 (1) 0.65 (1) 0.88 (1)
Methyl 3-(3-hydroxypropyl)benzoate 4 1500 68.07 0.78 (1) 0.75 (1) 0.89 (1)
4-[2-(4-nitrophenyl)ethylcarbamoyl] 4 1500 67.38 0.60 (1) 0.51 (1) 0.59 (BT)

benzenesulfonyl fluoride
Gefitinib (First-generation of TKiIs) 5 2935 67.38 0.73 (A) 0.52 (1) 0.50 (1)

H: Hepatotoxicity; Ca: Carcinogenicity; M: Mutagenicity. Numbers given in probability toxicity are confidence estimates for the prediction, followed by its status: I: Inactive;
A: Active; BT: Below Threshold.
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Figure 2. Amino acid residues analysis of
(A) 4-[2-(4-Nitrophenyl)ethylcarbamoyl]
benzenesulfonyl fluoride; (B) Dasycarpidan-
1-methanol, acetate (ester);

(C) Caryophyllene; (D) Gefitinib; (E) 630
(native ligand) bound with EGFR mutant
protein.

Table 6. Molecular docking results of targeted compounds with EGFR mutant (5HG7) and wild-type EGFR (5FED).

Binding Energy Binding Energy

No. Compounds (kcal/mol) (kcal/mol)
5HG7 5FED

1 5X4 (5FED Native Ligand) -10.0

2 630 (5HG7 Native Ligand) -9.0

3 Gefitinib (First-generation of TKiIs) -7.8 -7.3

4 4-[2-(4-nitrophenyl)ethylcarbamoyl] -7.6 -1.5

benzenesulfonyl fluoride

5 Dasycarpidan-1-methanol, acetate (ester) -1.2 -7.2

6 Caryophyllene -1.4 -6.8

7 Methyl 3-(3-hydroxypropyl)benzoate -6.0 -6.0

8 Z, E-2-methyl-3, 13, octadecadein-1-ol -6.0 -5.1

9 E,E,Z-1,3,12-nonadecatriene-5,14-diol -5.6 -5.3

10 Ethyl palmitate -5.5 -4.7

11 Phytol -6.3 -5.7

12 Juniperol -6.0 -5.9

13 7-ethenylundec-5-ene -5.7 -4.9

14 Z,7,7-1,4,6,9-nonadecatetraene -5.7 -5.0
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Table 7. Amino acid residues analysis of protein-ligands binding sites.
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Ligands Hydrogen bonds

Hydrophobic bonds

1-{(3R,4R)-3-[5-chloro-2-(1-methyl-1H-pyrazol-
4-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-4-
yloxymethyl]-4-methoxy-pyrolidin-1-
yl}propenone

{630}

(Native ligand)

Met793: 2.87 A
GIn791:2.83 A

Gefitinib Thr854:2.84 A

Met793:3.17A
Leu718:3.00A
Cys797:3.17A

4-[2-(4-nitrophenyl)ethylcarbamoyl]
benzenesulfonyl fluoride

Dasycarpidan-1-methanol, acetate (ester) -

Caryophyllene -

Leu792, Ala743, Gly796, Leu718, Arg841,
Phe723, Phe856, Leu844, Val726, Met790,

Cys775

Phe856, Ala743, Val726, Met790, Leu844,
Cys775, GIn791, Gly796, Met793, Leu718,
Asp800, Gly719

Gly796, Pro794, Val726, Leu792, Leu844,
Cys775, Phe856, Ala743, Met790

Met793, Gly796, Leu718, Leu792, Leu844,
Ala743, Thr854, Met790, Val726, Gly719,
Ser720, Cys797, Phe723, Phe856, Arg841,

Ala743, Leu844, Phe856, Val726, Gly796,
Leu718, Gly719, Cys775

The underlined letters showed similar bonds compared with native ligands.

Amino acid residue analysis

The analysis showed that all of the potential lig-
ands were joined to the SFED and 5HG7 proteins at
the same location as native ligands 5X4 and 630, re-
spectively (Fig. 2). Furthermore, the top three ligands
with the highest binding affinity score with the EGFR
mutant (5HG?) (Fig. 2) were examined further (Table
7).

DISCUSSION

EGEFR is a member of the Erb2 family from recep-
tor tyrosine kinases (RTKs), which consists of approx-
imately 1210 amino acids with 134 kDa molecular
mass. An a-helix transmembrane, an extracellular
ligand binding, a cytoplasmic tyrosine kinase, and
carboxy-terminal signaling domains combination are
forming EGFR structure (Amelia et al., 2022). In most
cells, EGFR has a crucial role in cell homeostasis, cell
proliferation, and self-regeneration (Pratama, 2015).
Furthermore, EGFR activation is important in organ-
ogenesis and embryogenesis, such as placental, bone,
lung, and kidney development. Impairment in this
process will lead to defective organs and tissues
(Chen et al., 2016).

Meanwhile, mutations at some points will lead to
overexpression of EGFR and cause overproliferation
in cells (Pratama, 2015). Substitution of Thr790 to
methionine will cause steric hindrance in inhibition,
thus leading to overexpression and resistance to first-
generation TKIs, such as gefitinib. This mechanism is
due to the Thr790 location which is located at the
entrance of the ATP-hydrophobic pocket. Therefore, it
increases the ATP affinity and prevents the inhibitors
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from binding. Moreover, point mutation L858R, in
combination with T790M, will activate EGFR and
cause overproliferation. This action results in higher
resistance to cancer drugs (Pao et al., 2005).

In this research, EGFR mutant T790M-L858R-
V948R was used. Mutation in V948 was known to
reduce EGFR wild-type dimerization enzyme and
stabilize the conformation of the mutant protein. It is
important to have drug candidates that bind stronger
to inhibit EGFR mutant rather than wild-type EGFR
to reduce its adverse effects (Cheng et al., 2016).

Calophyllum inophyllum L. is a coastal plant that can
be found widely in Southeast Asia, especially in In-
donesia. Research conducted by Hsieh et al. (2018)
stated that its seed pigment can induce cytotoxicity on
lung (NSCLC) and colon cancer (DLD-1) cells detect-
ed by the MTS/MTT assay method. Meanwhile, the
other parts of the plant go unnoticed, and the direct
downstream effects have not been explored. C. in-
ophyllum’s leaf is the most abundant part of the plant.
Based on GC-MS analysis of the ethanol fraction on its
leaf, it is known that there were 11 secondary metabo-
lites inside C. inophyllum as listed in Table 1. In this
research, virtual screening and specific docking were
performed to identify the potential of C. inophyllum’s
leaf compounds toward EGFR proteins.

Biological activity analysis showed the potential of
a compound in their apoptosis agonist, anticancer,
antimutagenic, and antineoplastic (lung cancer) activ-
ities. From the analysis, all the compounds with those
four activities showed higher Pa values in all activi-
ties than gefitinib. Furthermore, caryophyllene has
the highest result in apoptosis agonist and antineo-
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plastic (lung cancer) Pa values. Meanwhile, 4-[2-(4-
nitrophenyl)ethylcarbamoyl]benzenesulfonyl fluoride
is the only compound that did not show any activity.
Pa score higher than 0.7 showed that an experimental
and computation method was performed to prove the
potency of a compound. Pa score within the range of
0.5-0.7 showed that a computation experiment had
been performed, but it needs further approval from
the experimental method. Meanwhile, a Pa score low-
er 0.5 showed that a compound has low potential
proven by both computation and experimental meth-
od. In some cases, a Pa score lower than 0.5 or not
showing any activity might show that there was no or
less previous experiment regarding that compound
(Lagunin et al., 2000).

The drug’s oral bioavailability was analyzed fur-
ther using druglikeness analysis based on Lipinski
rule parameters (Lipinski et al., 2001). Lipinski’s rule
consists of molecular weight <500 g/mol, partition
coefficient log P, 5, hydrogen bond donor <5, hydro-
gen bond acceptor <10, and molar refractivity 40-130.
The analysis shows that all the compounds have ful-
filled Lipinski’s criteria by having one maximum vio-
lation (Choy and Prausnitz, 2011). Therefore, all the
compounds possess good oral bioavailability, shown
by a bioavailability score of 0.55 for all the com-
pounds (Joanna et al.,, 2020). The ability of a com-
pound to enter through cell membranes (Matsson and
Kihlberg, 2017), become soluble (Jacek et al., 2012),
and flexible (Jagannathan, 2019) is the definition of
oral bioavailability. The previous study shows that 60
out of 82 medications listed in the IMS-health Institute
meet Lipinski’s criteria (Gimenez et al., 2010). In par-
ticular, oral medicines that passed phase II clinical
status are linked with compounds that fulfill
Lipinski’s criteria (Lipinski, 2004).

Toxicity class, toxicity endpoints, and organ toxici-
ty were analyzed in toxicity analysis using the Protox-
II web server. One of the purposes of this analysis
was to examine the hepatotoxicity of a compound. It
is important since absorbed drugs will be metabolized
in the liver (Gimenez et al., 2010). Other than hepato-
toxicity, carcinogenicity, and mutagenicity endpoints
were analyzed. The globally harmonized system
(GHS) was used to rank toxicity classes, and confi-
dence estimation probability was used to score organ
toxicity and toxicity endpoints (Banerjee et al., 2018).
An estimation score below (.70 is considered below
the threshold and considered safe (Tungary et al.,
2022). From the analysis result, all the compounds
have toxicity classes 4-5 and are considered safe in
other toxicity analyses (organ toxicity and toxicity
endpoints). An interesting result was shown in ge-
fitinib, a first-generation TKIs. It showed that gefitinib
can induce hepatotoxicity by having a hepatotoxicity
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probability value of 0.73 (active). A previous study
stated that long-term oral administration of gefitinib
can cause hepatotoxicity as an adverse effect. An in-
crease in aminotransferase (28.7%), bilirubin (9.9%),
and ALP (3.0%) were found in patients who con-
sumed gefitinib orally (Wang et al., 2021).

A molecular docking process with a specific dock-
ing method was performed to examine the binding
affinity of compounds with EGFR protein. The posi-
tion of each protein’s native ligands was used to de-
termine the grid size. To ensure accuracy, a redocking
process was performed by using 5X4 (SFED native
ligand) and 630 (5FHG native ligand). The molecular
docking results showed that all compounds have a
higher binding affinity score than the native ligand
(5X4 & 630). A lower binding affinity score is consid-
ered a strong interaction (Saputri et al.,, 2016). The
result shows that overall compounds docked with
EGFR mutant consistently have lower binding affinity
than wild-type EGFR. In particular, it is shown that
all of C. inophyllum’s leaf compounds bind more spe-
cifically and strongly to the EGFR mutant. Therefore,
it explains how those compounds will result in lower
side effects than other anticancer drugs (Cheng et al.,
2016). The top three compounds with the lowest bind-
ing affinity with both EGFR proteins are 4-[2-(4-
nitrophenyl)ethylcarbamoyl]benzenesulfonyl  fluo-
ride, dasycarpidan-1-methanol, acetate (ester), and
caryophyllene. Besides possessing the lowest binding
affinity score, those three compounds showed “mod-
erately soluble” to “soluble” in the solubility parame-
ter. Soluble molecules are greatly preferred in drug
formulation since they will be easily handled and
formulized (Daina et al., 2017).

Further amino acid residue analysis was per-
formed to analyze its binding site in EGFR mutant
inhibition (Table 7). Amino acid residue analysis
showed that 630 formed two hydrogen bonds at
Met793 and GIn791 with EGFR mutant. The same
hydrogen bond was found in 4-[2-(4-nitrophenyl)
ethylcarbamoyl] benzenesulfonyl fluoride, specifically
at Met793 (Amelia et al., 2022; Hor et al., 2023). The
hydrogen bond was known to possess a stronger
bond with 4-6 kcal/mol (Deshmukh and Gadre, 2009).
In the hydrophobic interaction result, it is shown that
all of the compounds were bound at Ala743, Gly796,
Leu718, Phe856, Leu844, and Val726. Based on the
literature study, the tyrosine kinase domain was lo-
cated at 706-979. In this range of amino acid residue,
there were some residues located at ATP binding
pockets, such as Leu718, Val726, Ala743, Met793, and
Leu844. These residues form a core hydrophobic and
conserved binding pocket (Amelia et al., 2022). When
a specific ligand binds to a receptor, in this case,
EGEFR protein, it will cause an alteration in the struc-
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ture to become a dimer. This conformational change
will activate the tyrosine kinase domain. ATP was
used to phosphorylate on the tyrosine kinase domain
to fully activate the protein. Once the protein fully
activates, it will lead to a protein cascade, resulting in
cell proliferation. Therefore, various mutations lead to
ATP over-affinity towards the tyrosine kinase do-
main, thus causing overproliferation. Inhibiting ATP
binding at these specific sites will prevent the ATP
from phosphorylating further and stop the mutant
cells from proliferating (Abourehab et al., 2021).

First-generation anti-lung cancer drugs, such as
gefitinib, relied solely on reversible affinity (Luthfiana
et al., 2023). Meanwhile, irreversible affinity has been
recently used since it can sustain target engagement
even when numerous ATP is present inside the cells.
Its mechanism relies on conformational changes of
kinase protein to inhibit the signaling pathways of cell
proliferation (Siak et al., 2023). Native ligand 630 was
known for its ability to inhibit EGFR mutants by rely-
ing on its irreversible affinity (Cheng et al., 2016). The
analysis result showed that 4-[2-(4-nitrophenyl) ethyl-
carbamoyl] benzenesulfonyl fluoride has the same
action mechanism as the native inhibitor of EGFR
mutant (bHG?7) protein. Furthermore, this compound
possesses high GI absorption compared to the other
two compounds and is not involved in CYP3A4 inhi-
bition. CYP3A4 is an isoenzyme that plays a role in
drug elimination. It prevents unwanted drug-drug
interactions and the accumulation of drugs or their
metabolites (Daina et al., 2017). Therefore, based on
the overall analysis, non-toxic compounds with po-
tential as EGFR mutant inhibitors are 4-[2-(4-
nitrophenyl)ethylcarbamoyl] benzenesulfonyl fluo-
ride. Meanwhile, in vitro and in vivo analyses need to
be performed to confirm this result.
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